However, it is well known that the growth process by casting methods results in a crystalline material with a high density of dislocations generated by the mechanical mismatches during the cooling down process, as well as a large number of grain boundaries (GBs). Impurity incorporation and their gathering around GBs and dislocations seem to be the main problem limiting the minority carrier lifetime [2, 3] . The consequence is a material with lower eciency as compared to mono-crystalline silicon, with the concomitant loss of eciency with respect to the most pure material (1718% vs. 1920%) [1] . During the last years, an important eort is being made in the improvement of mc-Si wafers, regarding both the diminution and passivation of extended and punctual defects [4] .
The implementation of experimental tools allowing for the localization of such defects, exploring their local distribution and origin, is a step forward to the understand- * corresponding author; e-mail: oscar@fmc.uva.es ing of the role of the crystal defects in the performance of the mc-Si based solar cells.
In this work, we analyze mc-Si samples by combining etching processes to reveal the defects, Raman spectroscopy for strain measurements, and light and beam induced current (LBIC-EBIC) measurements for the localization of electrically active defects. Raman spectroscopy is a well-known characterization tool providing valuable information about crystalline quality of semiconducting materials. However, it has not been until recently that it is gaining importance for the characterization of solar Si due to its capability to map the local residual stresses
[57], which are critical to the mechanical stability, especially in view of silicon wafer thickness reduction, but also might play a crucial role in the distribution of the metallic impurities, responsible for the minority carrier lifetime killing.
The direct observation of the crystal defects (GBs and intra-grain defects) at the same time that the measurement of their electrical activity and associated residual stress is not an easy task. The electrical characterization can be obtained by LBIC measurements on the nal cell ( Fig. 1 ), but no information about the specic origin of the observed defects is obtained. Moreover, the Raman spectrum of nal solar cells is contributed by the presence of the additional layers and texturizing treatment of the surface, borrowing the information about the bare mc-Si.
For these reasons, we have developed a methodological analysis, on bare mc-Si wafers, in order to directly visu-
alize the crystal defects and at the same time be able to obtain information about their electrical activity and/or the associated residual stress. The surface of sliced mc-Si wafers does not permit to extract clean Raman information; therefore, surface preparation is necessary in order to obtain the Raman spectra free of the inuence of the surface. In a previous work [8] , we investigated dierent chemical etchants of polished mc-Si wafer, KOH etching was seen to be quite sensitive to reveal the GBs. After this GB revelation, the samples were metallised with semi--transparent gold layers on both faces for LBIC measurements; the GBs were shown to give very low LBIC contrast, concluding that the GBs themselves are not the main electrically active defects in mc-Si; on the other hand, a large number of intra-grain defects were revealed in the LBIC maps, accounting for its large electrical activity [8] . 
Results
Typical LBIC measurements performed on conventional nal mc-Si solar cells generally showed that the GBs are not the main electrically active defects, while a large number of intra-grain defects, some of them with a very large electrical activity, are usually observed, see (Fig. 2d) . This eect is likely due to the dierent incorporation of impurities depending on the boundary orientation of the intra-grains. In order to obtain a more direct correlation between the defects, its electrical activity and their residual stress elds, we checked the capabilities of dierent etchants to reveal the defects and to prepare the samples in such a way that the LBIC and Raman maps would be consecutively obtained. Among the dierent chemical solutions and combinations probed, we observed that the combination of a short chemical polishing, followed by a medium Secco attack and a nal short alkaline etching is the best one to reveal the dierent defects, see Fig. 3 .
The combination of a Secco attack and an alkaline etching seems to be able to reveal both the dislocations and DLs (through the Secco attack) and the GBs and sub-GBs (by the alkaline etching). The previous chemical polishing seems to be important to prepare conveniently The assignment of the DL has been performed since it is an intra-grain defect (the same texture is observed at both sides of the defect) and because this line appears to be a superposition of etched groves, which are the typical features revealed by this etching in dislocations [11] . 
According to this expression, a change of ±50 MPa is detected around the DL.
The electrical behavior of the analyzed area was also measured by LBIC after gold metallization on both sides.
The electrical contrast response was very low at RT, likely due to the very small thickness of the samples after polishing and etching. LBIC measurements were also carried out at low temperature (80 K) in order to improve the sensitivity contrast, Fig. 5b ,c. One can observe that the DL of Fig. 5c gives a tenuous dark contrast as compared to the absence of contrast along the GBs, indicating that the DL exhibits a higher electrical activity together with a higher strain eld.
Conclusions
The electrical activity of extended defects observed in mc-Si were correlated to their strain eld mapped by µRaman measurements. The Raman maps obtained on an area showing both GBs and DLs, revealed by chemical etching, showed dierent strain elds for both types of defects. While the GBs show strain levels below the detection limit of our experimental setup, the DL show a marked tensile/compressive behaviour, with stress values of ±50 MPa around the DL. The electrical activity of the analysed area was also studied by LBIC measurements at low temperature, where a tenuous dark contrast was revealed around the DL, while no contrast was observed for the GB. Thus, the higher electrical activity of the intra-grain (DL) defects with respect to the GBs can be explained by the dierent strain elds. Metallic impurities, which are responsible for the dark LBIC contrast, would decorate the DLs under the inuence of the strain eld associated to them.
